UNCLASSIFIED

AD NUMBER

AD482218

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; SEP 1965.
Other requests shall be referred to Air
Force Materials Lab., AFSC,
Wright-Patterson AFB, OH 45433.

AUTHORITY

AFML 1ltr, 17 Jul 1975

THIS PAGE IS UNCLASSIFIED




A B R TR I B O AR :

~

AFML-TR-65-358

CHEMICAL, PHYSICAL AND ENGINEERING
PERFORMANCE CHARACTERISTICS OF A NEW
FAMILY OF PERFLUORINATED FLUIDS

t32218

-
.-
>
P

ROLAND E. DOLLE
FRANK ]. HARSACKY
HERBERT SCHWENKER
ROBERT L. ADAMCZAK

TECHNICAL REPORT AFML-TR-85-358

SEPTEMRER 1965

Each transmittal of this document outside the agencies of the U. S. Government
must have prior approval of the Fluid and 7 ubricet *{ate-jals Broach { MANL),
iNonimetallic Materials Division, Air Force Materials Laboratory, Wright-Patterson
AFB, Ohic 45433.

AIR FORCE MATERIALS LABORATCRY
RESEARCH AND TECHNOLOGY DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AJR FORCE BASE, OHIO




AFML-TR-65-358

CHEMICAL, PHYSICAL AND ENGINEERING
PERFORMANCE CHARACTERISTICS OF A NEW
FAMILY OF PERFLUORINATED FLUIDS

ROLAND E. DOLLE
FRANK ]. HARSACKY
HERBERT SCHWENKER
ROBERT L. ADAMCZAK

Each transmittal of this document outside the agencies of the U. S. Government
must have prior approval of the Fluid and Lubricant Materials Branch (MANL),
Nonmetallic Materials Division, Air Force Materials Laboratory, Wright-Patterson
AFB, Ohio 45433.

A R M e e A £ O A e BN S e




AFML-TR-65-358
FOREWORD

This report was prepared by the Fluid and Lubricant Materials Branch,
Nonmetallic Materials Division, Air Force Materials Laboratory, Research and
Technology Division. Work was initiated under Project No. 7343, "Aerospace
Lubricants", Task No. 734303, "Fluid Lubricant Materials", with Roland E. Dolle,

Frank J, Harsacky, Herbert Schwenker and Robert L, Adamczak acting as project
engineers.

This report covers work accomplished from 1 November 1962 to 31 July 1965.

Menuscript released by authors in August 1965 for publication as a RTD Technical
Report.

This technical report has been reviewed and is approved.
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R. L. Adamczak, Ch

Fluid & Lubricant Materials Branch
Nonmetallic Materials Division
Alr Force Materials Laboratory
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ABSTRACT

A new class of high temperature fluids, designated by Du Pont code PR-143, has
been extensively investigated to determine its potential in the area of advanced
lubrication and energy transfer. The PR-143 fluids have exhibited excellent high
temperature oxidative stability, a broad fluid range, good lubricity, and a high
degree of fire-resistance; thereby making them promising candidates for aerospace
systems of the future. In the design of future systems some shortcomings of these
perfluorinated polymeric materials must be considered; namely, corrosion of certain
metal alloys at high temperatures and their relatively high density.
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SECTION 1

INTRODUCTION

With the advent of new high performance aerospace systemg advanced fluids and
lubricants are needed which are capable of withstanding stringent thermal and oxi~-
dative stress at temperatures exceeding SO0CF without undergoing appreciable degrada-
tion. High thermal and oxidative stability must be accompanied by adequate low
temperature fluid properties and satisfactory lubricating characteristics. Current
available materials such as the super-refined mineral oils, diesters, and the poly-
phenylethers lack one or more of the important propertics required. For example,
the mineral oils possess good low temperature fluid properties, exceptional lubri-
cating ability and are thermally stable at 700°F, but they do not have sufficient
oridative resistance at elevated temperatures. The diesters, while fulfilling current
sas turbine engine oil requirements, cannot be expected to survive oxidatively above
400°F without modification resulting in appreciable sacrifice in low temperature
properties. The polyphenylether neat fluids have demonstrated good oxidative stabilicy
at 500 to S550°F and are thermally stable at 700°F, but these materials have high pour
points and are regarded as having relatively poor lubricating ability (Refere-ces 1
and 2),

In the current search for advanced fluids, one of the targets has been to obtain
a fluid that is comparable with polyphenylether in oxidative and thermal stability,
but with a considerable improvement in low temperature fiuidity and better lubricity,

In the fall of 1962 a polymeric perfluorinated high temperature fluid called
PR-143 was received by the Nonmetallic Materials Division, Fluid and Lubricant
Materials Branch (MANL) from E. I. Du Pont de Nemours and Company, Pioneering Appli-
cations Division, Organic Chemicals Department. Preliminary data obtained by Du
Pont indicated that the fluid had high oxidacive and thermal stability with improved
low temperature fluid properties over polyphenylether, At that time a cooperat.ive
program was initiated by MANL and Du Pont to fully characterize this fluid in order
to determine its potential for meeting advanced requirements of the U,S. Air Force
in the area of lubricants and energy transfer fluids, Since the early investigations
(Reference 3) ¥ ~143 fluids have undergone extensive characterization, not only by
MANL and Du Pont, but also by other governmental agencies and various contractors.
The bulk of these studies, botk laboratory experiments and actual performance tests
are reported herein, Emphasis has been placed on the ability of the PR-143 fluids
to function as hydraulic fluids, gas turbine engine oils and as base fluids for high
temperature greases,

[ —
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SECTION II ”

DISCUSSION

The physical and chemical properties, including thermal and oxidation stability, ﬁ
metal compatibility, and engineering performance characteristics of a series of ‘
PR-143 fluids were investigated. The difference in the types of PR-143 fluids
examined was generally physical, rather than chemical, varying primarily in molecular

weight distribution. The various PR-143 fluids and their common code designations
are listed below:

PR-143M : ELO-62-99
PR-143P : ELO~63-70
PR-143, Lot I : ELO-63-138, MLO-63-42, MLO~7705

PR-143, Lot II :  ELO-64-20, MLO-64-8

PR-143, Lot IIT : ELO-64-21, MLO-64-9

L ol R SRS WA £ 83

PR-143, Lot V : ELO~64~73, MT.0-65-31
PR-143U : MLO~63-63

PR-143W : MLO-7723

PR-143X

PR-143AB, Lot IV
PR-143AC: ELO-65-35, MLO-65-32

In the following discussion, the fluids will be referred to by the PR-143
designation assigned by Du Pont.

Many of the characteristics of the PR-143 fluids are compared with the poly-
phenylether, m-bis (m-phenoxyphenoxy) tcnzene (EL0-62-29) which will be referred to
as simply S5P-4E, The 5P-4E is actually a mixture of isomers, but predominately meta,

GENERAL PHYSICAL AND CHEMICAL PROPERTIES OF PR-143 FLUIDS

Physical and chemical data for several PR-143 fluids are summarized in Table 1,
together with similar data for 5P-4E for comparison, Additional characteristics of

PR-143, such as radiation stability and elastomer compatibility, are found in Tables
2 through 4,

The results of various instrumental and chemical analyses of PR-143 fluids are
given in Table 5,

Fluidity

The operating temperature range for many of the PR~143 fluids appears to be in
the neighborhood of slightly above (OF to + 700°F, This is based on the estimation
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that for low temperature operation, a hydraulic fiuid should have a viscosity no
greater than 4000 centistokes. For gas turbire oils, the maximm aliowable viscosi’y
is about 13,000 centistokes, The high temperature viscosity for both areas of appli-
cation should be no less than 0.5 centistokes, The improvemen: of the PR=-143 fluids
over 5P~4E in temperature-viscosity characteristics is demonstrated by comparing the
viscosity index of the materials (115 V.I, versus -81 V,I,).

Viscosity-pressure data (Figure 1) for PR-143W were obtained over the range of
1000 to 10,000 psig at 100°F (Reference 4), Generally the viscosity of the PR-143
material was more sensitive to pressure than a mineral oil of comparable V,I, and
100°F viscosity at atmospheric pressure,

Flammability

No autogenous ignition, flash or fire points were found for the PR-143 fluids
up to 1000°F, Needless to say, this would be expected based on the structure of
these materials. Furthermore, a hot manifold test (not shown in the table) indicated
PR-143AB, Lot 1V, did not flash or burn after contact with manifold temperatures up
to 12400F (Reference 5).

Volatility

Experiments including constant temperature evaporation, thermogravimetric
analysis (TGA) and vapor pressure (isoteniscope) indicate thke volatility of the
various PR-143 fluids to vary somewhat according to their composition or distribution
of molecular weight fractions comprising the materials. Many of the PR-143 materials
show generally less volatility than SP-4E at 550°F and above.

Thermal Stability

According to differential thermal analysis (DTA), the onset of thermal decompo-
sition for PR-143 is above 900°F, Isoteniscope fixes thermal deterioration at 600-
650°F as indicated by the development of excess pressure in that repion. During the
closed~bomb test at 700°F, corrosion of 52-100 bearing steel and naval bronze occurred;
although no neutralization number increase or appreciable viscosity change were noted.
The 5P-4E experiments also resulted in slight attack on all three metal catalysts.

Hydrolytic Stability

The bulk property chiunge for PR-143 was negligible after tihe low temperature
(200°F) hydrolytic stabiiity test. Little or no weight change of the copper catalyst
occurred, but a corroded appearance was noted in one test. The 5P-4E behaved similar-
ly, except the copper specimen did not appear corroded.

Foaming Characteristics

PR-143, Lot I, had verv littlz fecaming tendency and a rapid foam collapse at
75°F and 200°F, Another material, PR-143P produced considerable foam and cocplete
collapse vas not obtained after 10 minutes at 75°F. 5P-4E had poor foaming charac-
teristics similar to PR-143P.
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Engineering Design Properties

The specific heat and thermal conductivity values for PR-143 are lower than
those obtained for 5P-4E, Since sufficient heat transfer and thermal diffusion are
essential in many high temperature applications, the low thermal conductivity of
PR~143 could be of concern unless a system were specifically designed for use with
PR~143 fluids.

Bulk modulus data indicate PR~143 to be a relatively compressible fluid, but
not to the extent of 5P-4E,

Naturally as a result of the inherent nature of the perfluorinated PR-143
materials their densities would be quite high as was revealed experimentally.

The sonic shear stability of PR-143 was very good when compared with a standard
ASTM reference fluid tested for comparison (see footnote in Table 1).

Electrical Properties

Preliminary investigation has shown PR-143 to have good electrical properties
for electronic coolant applications. PR-143 was superior to most other fluids
evaluated (Reference 6) with respect to volume resistivity, dissipation factor,
dielectric constant and electric strength.

Gas Solubility

Air solubility in PR~143W as a function of temperature was measured using gas
chromatographic techniques (References 4 and 7).

According to the investigators the PR-143 fluid does not react readily with
oxygen up to 400°F, The oxygen and total air solubility curves (not shown) are
straight lines indicating increasing solubility over the entire temperature range
up to 40C°F, Esters and mineral oil neat fluids show a sharp break in the air and
oxygen curves at high temperatures indicating that some dissolved oxygen reacts and
can no lunger be measured as a gas. The PR-143 fluid shows much higher gas solubil-
ity values than those measured for mineral oils of the same viscosity level.

In the case of air solubility, dissolved gases are no longer in the same ratio
as found in air. The dissolved oxygen represents 28 percent of the total dissolved
gas as compared with about 21 percent oxygen in the air used. Gas solubility data
with individual gases indicate that oxygen solubility is measurably higher than that
of nitrogen at all temperatures studied,

Radiation Stability

Radiation stability of PR~143W was evaluated in the Penn State Nuclear Reactor
at 107 and 108 rads total dose (Reference 4). The fluid was subjected to a mixed
dose of gamma radiation as well as thermal and fast neutrons., The property changes
for PR-143 after radiation are shown in Table 2, It was a conclusion of the investi-
gators that the data showed good radiation stabllity for the PR-143 fluid, with
gassing and viscosity decrease as evidence of incipient degradation.

T e I TR e AT R Ay T e VA gy g

[T




AFML~TR~65-356

Elastomer Compatibility

The results of compatibility tests involving PR~143, Lot II, and various
elastomers at 300 to 5009F are given in Table 3. The elastomeric materials were
immersed in PR-143 in a beaker maintained at constant temperature in an oven for
168 hours., At 500°F the Vitons have poor compatibility with PR-143 and only the
triazine elastomer shows promise, Generally PR-143 did not produce any significant
swell of the elastomeric materials in any of the tests. In current applicaticns
this would be a problem but it is believed that oversized seals or redesign can
circumvent this deficiency.

Additional compatibility studies were made in tests similar to Federal Test
Method 3604 to determine the effect of PR-143, Lot III, on the swelling of three
O-ring materials, Viton A, Viton B and Silicone LS-53 (Reference 8). The results
are presented in Table 4, The tests were made by completely submerging the elas-
tomer in PR-143 contained in a beaker and heated on a hot plate at the desired
temperature for 72 hours. The PR-143 caused no swell, but significant shrinkage
of the elastcmers occurred as in the preceding experiments.,

OXIDATION STABILITY AND PR-143-METAL COMPATIBILITY

Oxidation-corrosion (0-C) studies were performed under a variety of conditicns
on several PR-143 fluids as summarized in Tables 6 through 15. All investigatious
were made on a micro scale as previously described in detail (Reference 13), 1In
some tests slight modifications were made in test equipment and conditions for the
effect on PR-143 gtability.,

Table 6 summarizes 500 to 800OF 0-C results for early PR-143 samples, PR-143M
and PR-143P, Similar tests using 5P-4E were made. The PR-143 fluids demonstrated
good 0-C stability at 600CF; however, above that temperature fluid degradation and
serious metal corrosion occurred. Similarly the 5P-4E degraded significantly above
600°F, but no metal corrosion resulted,

0-C data for PR-143, Lot I, evaluated under wet air and wet nitrogen at 700°F,
are shown in Table 7, Similar tests were made under dry conditions for comparison.
Large negative viscosity changes and much corrosion occurred in wet air and dry air
in the preseuce of metals. Viscosity change and metal corrosion were generally
greater in the tests with wet air. In nitrogen atmosphere, wet and dry conditions
gave similar results; fluid bulk property change was small and metal corrosion
slight compared to the same tests with air.

Table 8 gives metal-compatibility data for PR-143, Lot II, at 700°F with dry
air, Those metals with which PR-143 appeared compatible (no fluid degradation and
metal corrosion) at 700°F were those with appreciable nickel content (Hastelloy R~
235, Inconel, Carpenter 20) and silver,

PR-143, Lot II, was also evaluated in a series of mild corrosion tests at 500
to 700°F to determine the compatibility of the perfluorinated fluid with varicus
metallic and nonmetallic materials in dry air and nitrogen atmosphere (Table 9j.
Initial tests were made at S500°F in air. Tests resulting in attack on the specimen
material or deterioration of the fluid were evaluated again with nitrogen undex
similar ccnditions, More specifically, the criteria for good compatibility was that
the PR-14 fluid did not degrade and the metal specimens had no more than * 0.5

mg/cm2 weight change with no evidence of corrosion. If the 500°F .est in air was
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satisfactory, the test was repeated at 600°F, This procedure was followed at 650
and 700°F,

The materials which survived the 700°F tests with air wer. Carpenter 20 and
Inconel 600, both high nickel-content alloys. In nitrogen atmosphere at 700°F only
the copper alloys (in addition to the nickel alloys) endured the test.

The effect of various environmental conditions on PR-143 supplemental to those
discussed above are shown in Tables 10 through 15 (Reference 14)., In addition to
compatibility experiments in air and nitrogen with various metals, investigations
were carried out to determine the effect of test tube composition and metal speci-
men cleaning (after the test).

P e

ENGINEERING PERFORMANCE CHARACTERISTICS OF PR-143 FLUIDS ?

The lubrication capability of PR-143 fluids in four-ball wear, Ryder Gear,
rolling contact fatigue and cage compatibility experiments was investigated. Ad-~
vanced performance characteristics of PR=143 were determined in bearing rig stabili-
zation studies and full scale bearing rig tests.

Wear studies were performed with Shell four-ball wear testers (Reference 11) :
under various conditions with several PR-143 fluids as shown in Tables 16 through H
18. Comparative data are given for 5P-4E in Table 16,

The results in Table 16 indicate the wear szar values for the PR=143 fluids at
the lower loads (1,4 and 10 kilograms) were small, At 40 kilogram load the wear
scars were generally somewhat larger particularly at 400°F, The appearance of the
PR-143 oils after the tests remained unchanged.

The 5P-4E tests resulted in considerably more wear under almost every test
condition. In many cases the wear scars after the 5P-4FE tests were 3 to 5 times
larger than after the corresponding PR=-143 tests.,

dn other wear tests (Table 17), PR-143W appeared to be an effective lubricant
over the wide range of conditions employed (Reference 4), The investigators made
several observations which may help to define the role of PR=143 in boundary lubri-
cation. The wear scars show less surface roughness or gouging and more evidence of
uniform etching or corrosion., The etched or corroded appearance of the scar surface
is apparent even in low load, low temperature runs, At the high temperatures,
especially at 700°F, the entire ball had an etched appearance and all the balls were
discolored,

Additional four-ball investigations were made (Reference 15) at 400 and 600°F
with PR-143, Lot V (Table 18). Generally the wear scars produced were slightly
larger at the higher temperature (600°F) and speed (1280 RPM). In mecst tests the
52-100 steel balls had larger wear scars than M-10,

Ryder Gear

Ryder Gear scuff-limited load evaluations were performed on PR-143P and 5P-4E
(Reference 16). Duplicate tests on each fluid were run at 400°F tulk oil temperature,
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425°F gear temperature using Nitralloy N gear material. The results for the PR-143
fluid are as follows:

Test 1 Test 2
4450 1b/in 4860 1b/in

Average 4660 1b/in

The results of the two determinations made on 5P=-4E are:

Test 1 Test 2
1040 1b/in 1040 1b/in

Average 1040 1b/in

Although the initial Ryder Gear tests show PR-143 to be far superior to 5P-4E
in load-carrying ability, a number of unusual phenomena were observed by the in-
vestigators.

In both PR~143 tests, at the failure load and the load before failure, the
induction heat was required only to bring the gear to the test temperature of 425°F,
After the load was applied at 425°F, the temperature of the test gear increased
slowly and uncontrollably. At the load before failure the gear temperature increased
to 450°F before the end of the load period, but the increase in scuff was slight.

At the failure load the same increase was noted for about three minutes at which time
the gear temperature increased rapidly, within seconds, to over 600°F, At this point
noise from the machine indicated gear failure and the run was terminated, On in-
spection of the test gear it was observed that the working face of seventeen teeth
was completely destroyed,

In the PR-143 runs the lubricant and test section, including the test oil sys-
tem, gear cover, and test gears, were found to be exceptionally clean and free of
depousits.

The used PR-143 fluid did not darken as did 5P-4E, but was cloudy initially.
Upon standing, much of the fluid had cleared. Apparently the cloudiness was due to
dissolved or suspended air. A small amount (about 3 ml) of some insoluble black oil
was observed on top of the used PR-143 drained from the system. This contaminating
0il was believed to have come from the Rourdon pressure gage tube,

After these initial tests, additional work was done with PR-143, Lot I, which
resulted in consid>rably lower Ryder Gear values (Reforence 16), In view of this, aud
the unusual phenomena associated with the aforementioned PR-143P tests, a more exten-
sive Ryder Gear study would have to be made to obtain a meaningful Ryder Gear rating.

Rolling Contact Fatigue

The rolling contact (RC) fatigue tests were performed on a rig developed by
General Electric, Advanced Engine Technology Department (Reference 8). The RC rig
tests were performed on PR-143, Lot III, under the following test conditions:

Material: M-50 cons. arc, melted

Test Temp: room temp, 425°F, 500°F, 600°F
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Stress: 700,0G0 psi max. Hertz
Test Speed: 25,000 stress cycles/min,
Lub Feed Rate: 20 drops/min,

Ten RC rig tests were performed on the PR-143 fluid at room temperature and
4259F, One test was made at 500°F and 600°F. The number of stress cycles to failure
obtained are given in Table 19. The B-10 and B-50 life at room temperature and 425°F
as determined from a statistical distribution curve are also given in the table.

The RC rig results show the PR-143 fluid to have excellent fatigue life at room
temperature, 4250F, 500°F and 600°F,

Cage Compatibility

A materials screening program associated with a high-speed, high temperature
bearing study was begun in which candidate cage materials were evaluated for wear
resistance when lubricated with PR-143, Lot III, at 700°F (Reference 17). The cage
muterials used, M-1 (R; 60) steel and S-Monel (Rc33), were two of the best wear
resistant materials to date. The test conditions and resultant data are presented
in Table 20,

According to the investigators the M-1 steel was much more wear resistant than
the S-Monel material in PR-143 at 700°F, Examination of the cage specimens after
the tests indicated that the S-Monel cage specimen had dark wear scars; whereas the
scars in the M-l specimen were clean and exposed the bare metal.

Bearing Stabilization

Bearing stabilization tests were made on PR-143P and 5P-4E (for comparison)
under the following conditions, using an Erdco Universal Tester and WADD bearing
head: 100 mm bearing size, 10,000 RPM speed, 100 ml/minute oil flow, stabilization
at oi)-in temperatures of 300, 400, 500, 600 and 700°F within a 40 minute minimum -
120 minute maximum time interval (References 18 and 19).

Prior to the PR-143 stabilization test the bearing rig was flushed first with
Freon 113 then with some PR-143 fluid. Before the 5P-4E run the rig was cleaned
witi, Freon 113 and flushed with fresh 5P-~4E.

Table 21 summarizes bearing stabilization data for PR-143P, including viscosities,
Note the stabilization test made at 300°F (oil-in) was repeated between the 600 and
700°F tests with excellent duplication of results. Examination of the bearing head
after the 700°F test revealed the head and bearing to be dry except for the fluid
that had drained to the bottom. The bearing and outer race were blue in color and
no deposits resulting from liquid degradation were found. The color of the test
fluid did not change significantly during testing,

The total volume of PR-143 charged to the bearing rig was 640 m]l (500 ml initial
charge and 140 ml make-up). A fluid balance was not attempted due to the leakage
and evaporation which occurred during the testing.

Table 22 gummarizes the 5P-4E bearing stabilization tests, including viscosities.
Examination of the bearing head after the 700°F test showed the head and bearing to
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have a light fluid film, The hub and outer bearing race were blue~brown in color
and no deposits resulting from fluid degradation were observed in the head. Inspec~
tion of the test fluid heater showed light sludge deposits on the surface of the
heater element (PR-143 gave only a dulling of the aluminum element). The S5P-4E
flugd darkened slightly at 5C0°F and turned dark brown at 600°F and brown-black at
700°F,

The total volume of 5P-4E charged to the bearing rig was 600 ml (no make-up
was required) with 25 ml samples taken for viscosity and neutralization number
determinations after each stabilization temperature.

In summary, PR-143P and 5P-4E stabilized at all test teaperatures within the
120 minute (maximum) limit, Gemperally in the 5P-4E tests the bearing stabilized 20
to 309F below the corresponding PR-143 temperatures. Ess-ntially the viscosity
changes at 1009F for 5P-4E were negligible, while the vi.. osity of PR-143 increased
10 to 15 percent, No neutralization number change was detected for SP-4E,

Full-Scale Bearing Rig

The full-scale bearing rig performance of PR~143, Lot I was investigated nnder
two sets of operating temperatures as outlined in Tables 23 and 24 (Reference 16},
A brief summary of the test conditions is given in the tables, together with fluid
performance data and deposit demerit ratings. A more detailed description of the
bearing rig test equipment, operating procedures and techniques empioyed have been
reported previously (Reference 16).

The first bearing test (Table 23) was conducted at 3 sump temperature of 650°F
and a bearing temperature of 700°F, According to the evalustors the test bearing,
when operating with PR=-143, had an unusually high stabilization temperature of 490°F,
This temperature was approximately 1259F greater than that encountered for all other
lubricants evaluated in the past, Thus the usual maximum bearing stabilization
temperature of 375°F was waived, and the test was allowed to proceed. The test was
interrupted at 7,5 hours and again at 11,7 hours as a result of test oll pressure
pump failure. These failures were the result of hard deposits accumulating between
the pump shafts and their bearing surfaces. Later, all items located within the oil
sump were completely coated with a reddish brown substance similar in appearance to
iron oxide, The oil sump wall and bottom were completely covered with a heavy de-
posit of dark brown material that appeared to be flaking away from the sump. The
end cover of the bearing machine was removed and the machine inspected.

In order to arrive at some idea of the relative amount of deposit formation, a
deposit rating was obtained, It was necessary to ignore the color of the various
deposits and rely on consistency and thickness alone. The largest portion of the
deposits was in the sludge or carbon class with considerable flaking. Only a small
quantity of deposits, present on the test bearing rollers, appeared to fall into ti2
varnish class. The deposits rated as sludge ranged from greyish-white to dark grey
and brown in color and those classed as carbon were light reddish-brown to dark
brown. Deposit formation was so severe that, following 11,7 hours of test time, the
overall deposit rating was an unusually high 580. Thus at this time the test was
stopped,

Analyses of the deposits at various locations in the bearing machine and sump
indicated iron to be the major constitutent (over 10 percent), together with a
substantial amount of chromium (up to 10 percent).
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Metal specimens mounted in the sump also showed evidence of serious corrosion.
In particular, titanium and stainless steel had significant weight losses. The

changes in weight of the metals resulting from exposure to PR-143 at 650°F are given
b.low:

Metal Specimen Weight Change, mg/cm2
Aluminum +0,22
Titanium -1.44
Silver ~0,02
Steel +2,74
Stainless Steel =2.24

Although PR-143 had only a 14 percent viscosity increase at 2109F after the
test, the investigators (Reference 16) cor-luded that in view of the excessive de-
posit formation and corrosive action, PR-143 was considered unsatisfactory in the
bearing test at 650°F sump and 700°F bearing temperatures.

A second bearing rig test was made (Table 24) on PR~143 using a sump temperature
of 500°F and bearing temperature of 588°F (average temperature over a 48 hour period),
Actually a bearing temperature of 5500F was planned but it was not possible to con-
trol the bearing at that temperature due to an increase in temperature without ex-
ternal heating during the test,

This second run also had an elevated bearing stabilization temperature, which
reached a maximum of 468°F, and again required waiver of the usual stabilization
temperature maximum of 3759°F, Excluding bearing temperature, the test apparatus
performance was satisfactory throughout the run. During the final 16 hours of run
time, the test bearing temperature reached a maximum of 605°F,

Periodic inspection of deposit accumulation in the bearing machine showed that
the heaviest deposit build-up was during the final 16 hours of operation. Upon com=-
pletivn of the test, the bulk oil was dark brown in color caused by small-particle
suspension, The sump wall and bottom were completely coated with a brown substance,
A similar deposit, removed by moderate wiping, covered entirely all metal surfaces
submerged in the PR-143,

In view of the corrosive behavior experienced in the first test, the test
bearing used in the second test was weighed before and after the test with the follow-
ing results:

Weight, grams

Inner race-

Outer race cage usserbly
Before test 547.12 890,52
After test 546,47 889,20
Loss 0.65 1,32

10
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Congiderable pitting and corrosion of the inner and outer races was noted; however,

the metal specimens in the sump had no significant weight changes. According to the
evaluators the apparent excellent oxidative stability of the PR-143 fluid was over-

shadowed by its high corrosivity, which was not adequately reflected by the overall

deposit rating (111.8) since the deposits were mostly nc: of the usual carbonaceous

type, but appeared to be primarily corrosive products,

In brief summary, PR-143, Lot I, did not s. “isfy the minimum performance
requirements at the more strenuous test environment, namely 650°F sump and 700°F
test bearing temperatures., Deposit formation, which occurred early in the test, was
considered of the severest type. The second bearing test at 500°F sump and 588OF
bearing temperatures resulted in un overall deposit formation that compared rating-
wise to those obtained with 5P-4E «t corresponding temperatures of 700 and 750°F
(Reference 16), However, the rate of PR-143 degradation at these temperatures was
Slighto

As a result of similar tests with 5P~4E the investigators (Reference 16) con-
cluded that the polyphenylether could be expected to give satisfactory performance
at 600°F sump and 650°F bearing temperatures, both from the standpoint of deposit
formation and oil deterioration.

PR-143 GREASES

Grease compositions prepared from PR-143 fluids and various thickeners were
subjected to numerous tests including penetration, evaporation, Pope Spindle and
LOX compatibility, The results of the investigation, together with the composition
of the greases evaluated, are summarized in Table 25,

Additional data obtained on a Du Pont formulated PR-143 grease (PR-240) are
presented in Table 26 (Reference 20).

11
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SECTION III

CONCLUSIONS AND RECOMMENDATIONS

The laboratory investigations and performance data show the PR=-143 fluids to be
an extremely interesting new class of materials. These fluids offer a considerable
improvement over 5P-4E polyphenylether in low temperature fluidity while maintaining
outstanding high temperature oxidative stability and good lubricating characteristics.
Other properties, such as a high degree of fire resistance and LOX compatibility,
make PR~143 a promising candidate for various specialized applications.

Of the short-comings revealed by this investigation, the most serious 1is the
corrosive effect of the fluid on gsome metals at high temperatures, At 550°F and
above, PR-143 fluid corrodes most ferrous alloys and certain titanium alloys. Super
alloys having high nickel or cobalt content are not affected by PR-143 at tempera-
tures up to 700°F, It is recommended therefore, that where practical, these super-
alloys be selected as materials of construction during the design stage of advance
systems in order to capitalize on the good properties of the PR-143 fluids without

paying the corrosion penalty.

Another promising route for obtaining a compatible PR-143 fluid-metal system
is through the use of additives. Preliminary work currently being done in this area
indicates certain PR-143 formulations to have improved metal compatibility charac-
teristics over the base fluid at 550 to 600CF (Reference 21),

The relatively high density of PR-143 may prove to be a deterrent to theilr use
where weight is a severe handicap.

Design considerations, based on a good knowledge of the outstanding properties
as well as the serious short-comings of PR-143 materials, should provide workahble

solutions to some of the fluid and lubricant problems of advanced systems.

12
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Figure 1. Effect of Presgure on the Viscosity of PR~143W (Tests Conducted in a
Pennsylvania Refining Laboratory Pressure Viscometer at 100°F.)
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TABLE 1II

Effect of Mixed Thermal Neutron
and Gamma Radiation on PR-~143W

PR-143W
before
exposure

PR-143W
after 107
rads exposure

PR—143W8
after 10
rads exposure

Gaseous product, vol.gas/vol.liquid
Viscosity, cs, @ 100°F
Viscosity change @ 100°F, %

Neutralization N , mg KOH/g

300

0.1

276

2.9

[« 23

158

11.6
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TABIE IV
Elastomer Compatibility of PR-143, iot III
Test » Volume
Material temp.,°F change, %
Viton A 400 -1.18
Viton B 400 -1.14
Silicone LS-53 400 -0.91
Viton A 500 -6.85
Viton B 500 -6.40
Silicone LS-53 300 -5.96
TABLE V
Instrumental and Chemical Anaiyses of PR-143 Fluids
' I »R-143, PR-143, PR-143,
ANALYSIS PR-143P | 1o¢ 1 Lot II Lot TI1 PR-143W
Ultraviolet Spectrum, Trangpareut| above Trangparent |above -
10mm cell 2100A 2100A
Infrared Spectrum Typical for nonfunctional highly -
fluorinated compound
Emission Spectrum,
p.p.m. metals
Al 0.1-0.5 0.1-0.5 - - -
Ca 0.02-0.1 0.02-0.1 - - -
Cu 0.05-0.2 0.05-0.2 - - -
Fe 0.005-0.02 | 0.005-0.02 - - -
Mg 0.05-0.2 0.02-0.1 - - -
Mn 0.02-0.1 0.02-0.1 - - -
K 0.05-0.2 0.05-0.2 - - -
Si 0.02-0.1 0.02-0.1 - - -
Ag 0.002-0.01 | 0.002-0.01 - - -
Na 0.2-1.0 0.2-1.0 - - -
Flouiide ion, p.p.m. - <1l <1 <1 1.5
Hydrofluoric acid,
pP.p.m. - 3 <l 1 1
Neutralization N2,
mg KOH/g <0.01 <0.01 <0.01 - -
Refractive Index, N§3 - - 1.30226 - _
Boiling point, °F - , - 695 - -
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TABLE vl

Compatibility of PR-143, Lot 11 With Metals Under Dry Air ot 700°F

Matol Wi, change (m./cm2) and appearance
Fluid ‘('")‘“lg" Reut. NO " y
Metal loss, c8) change increase, specimen widdle top Remarks
» € 100°F, mg KOH/g nearest air ; i
. % tube orifice - v
NONE 124 +11.5 0.0 NO METALS USED No change in appearance of fluid.
NONE 18.9 +16.6 0.0 NO METALS USED No change in appecrance of fluid.
+0.50 0.4 +0.56
301 stainless steel 15 167 0.0 L.C t.C L.C. | Ne chonge in appeorance of fluid.
+0.56 +0.68 +0.51
301 stainless steel 8.1 +80 0.0 LC. LC L.C. | No change in appearance of fluid.
+«0.33 +1.30 .13
a.
302 stainlass steel 33 +86 0.0 HC. H.C. H.C. | No change in appearance of fluia.
+1.30 +2.19 42.44
302 stainless steel 3.6 + 717 0.0 HC. H.C. #H.C. | No chonge in appearance of fluid.
f +0.58 +0.34 +0.42
304 stainless stes! 8.0 +E9 0.0 LC LC L.C. | No change in oppsarance of fluid.
+1.99 +2.31 +0.84 7
321 stainless steel 34 +67 00 H.C. H.C. H.C. | No change in appeorance cf fluid.
237 4241 - *2.10
321 atainless steal 37 +89 00 H.C. H.C. H.C. | No change in appearance of flyid.
1. +1.48 +1.89
347 strainless stael s +77 0.0 H.C. H.C. H.C. | No change in appearance of fluid.
+1.95 -11.25 +1.89
Q.
347 stoinless stesl 48 + 7.0 0.0 HC. H.C. H.C. | No change in appecrance of fluid.
-12.67 -11.52 -11.51
410 stainless steel 75 + 6.1 0.0 HC. H.C. H.C. | No change in appearonce of fluid.
-12n -11.38 ~-11.72
410 stainlers steel 7.6 + 86 0.0 HC. H.C. H.C. | No ch~~ge in oppeorance of fluid.
f -10.18 - 915 -10.07
4iv stainless steel 16.0 + 45 0.0 HC. H.C H.C. | No chonge in appeorance of fluid.
f -19.24 -18.86 -18.00
M-2 tool steel 238 + 67 0.0 HC. /H_C H.C. | No change in eppearance of fluid.
+0.57 +0.65 +0.76
M-10 tool steel 8 + 64 00 LC LC L. C. | No change in appeorance of fluid.
2062 0.6 wsr 7
M-10 too! steel 87 + 83 0.0 Lc LC / L C. | Nochange in appeacence of fluid.
191 *238 2
52100 tool stesl 10.1 + 61 00 HC HC HC Nec chonge in appearence of fluid
1 42 18 118
. // + > » //
$2100 tool stee! 88 ¢ 51 00 HC HC T HC No chenge in sppesrance of (luid.
~14 57 -16 50 - -1262 -
§ l// / //
1020 mild steal 125 » 51 00 HC » HC 7 HC | Ne change in sppecrence of fluid
- - - -
. 0t Greoy 00s G-sy- 003 Gruy No chonge 1n eppearence of Huid A
ritonvum olloy ™3 74 01 " Beown /a..m . Brown | white 1 lm formed on i fube ond tont
~ *vbe
e /'/ —
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TABLE VIt (Contd)

Compatibility of PR-143, Lot 1l With Metals Under Dry Air ot 700°F

2
. . Meta! Wt change (mg/cm ) ond appearance
Fuid Viscotity Neut. N¢
Metnt loss, (eu) change increass, scocimen Remarks
< $100°F, mg KOH/g nearest gir middle top
.. % tube orifice spacimen specimen
b 00 Gray- on Gray- +0.04 Gray- | No change in appecrance of fluid. A
titanium alloy 76.7 -94.0 01 Brown Brown Brown | white film formed on air tube and test
tube.
c «£.13 +0.19 40,10
/Dull vt it No change in appsarance of fluid. A
aluminum alley 618 -£34 (A Geay Gray Gray white film formed on oir tube and test
tube.
c .17 013 4014 -~
1] Dull ~ 0l No change i= appearance of fluid. A
aluminum olloy 624 -59.4 01 Gray Gray / Gr= whiia film fcemed on air tube and “est
e
i t Dull D’
silver 7.6 +73 0.0 White White Whi No «  age in appearance of fluid.
.00 9 000
0 Dull % Bl Du
silver 72 + 70 00 White — White White ' No c..onge in appearance of fluid.
f,d. 141 Dork 1.4 - 8 Bk
brass 103 + 96 00 Brown Brown — Brown | No change in oppearance of fluid.
f +0.04 +0.03 0.06
Corpenter 20 1n9 +10.2 00 LT T L.T No changs in ap,earcnze of fluid
0.00 w0 +0.02
Hastelloy R-235 37 +83 0.0 L.T. LT LT No change in appearance of fluid.
+0.01 {1 +0.03
Hastelloy R-235 35 + 8.6 00 LT — T LT No change in appecrance of fluid
"
f o / W0 014
Inconel 600 85 + 80 00 T LT LT No change in oppearance of flu:d

Micro Oxidation-Corrosion Test Conditions: 20 ml sample, 20 liters per hour air  ow rate, 24 hours durction,700°F , three identical metal specimens, modified diatitiing
receives and 24-inch spiral condenser vied

a.  Excessive ‘loking of metal surfoce compored to the other metals of the set
b 6% a uminum . & .anedive
Aluminum 2024

: T0% zovcer - 0% rinc

o Duplicate i2sts were mode except where indicated

f. Single test only
L T - hght tarnivh or discoleration
L C - light corronion
HC heavy corrosion
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TABLE IX

vempatibility of PR-143, Lot II with Metals and Non-metals
under Dry Air and Nitrogen at 500-700°F

[

Viscosity !
(cs) Metal
Test Fluid | Neut. N2 change Wt.
a. temp, loss, | 1increase, @ 100°F change Metal
Metal °F Gas )3 mgKOH /g Z mg/cmé appearance)
None 500 air 0.0 0.0 -0.6 - -
None 500 air 0.0 0.0 -0.6 - -
302 stain. steel 500 air 0.0 0.0 +0.3 0.00 stained
302 stain. steel 500 air 0.5 0.0 +1.0 +0.01 stained
304 stain. steel 500 air 0.9 0.0 +1.6 +0.07 stained
304 stain. steel 5C0 air 1.2 0.0 +2.1 40.05 stained
347 stain. steel 500 air 0.3 0.0 0.0 +0.02 stained
347 stain. steel 500 air 0.3 0.0 -G.3 0.00 stained
416 stain. steel 500 air 1.7 0.0 +2.7 +0.11 stained
416 stain. steel 500 air 0.9 0.0 +4.7 +0.11 stained
440 stain. steel 500 air 0.9 0.0 +2.2 +0.07 stained
440 stain. steel 500 air 1.2 0.0 +2.8 +0.06 stained
Carpenter 20 500 air 0.6 0.0 +3.7 +0.12 stained
Carpenter 20 500 air 0.9 0.0 +2.8 +0.12 stained
M-1 tool steel 500 air 0.9 0.0 +2.3 +0.14 | stained
M-1 tool steel 500 air 0.9 0.0 +2.0 +0.16 stained
hecvily
M-2 tool steel 500 air .1 0.0 +2.3 +0.84 stained
M-2 tcol steel £00 air 1.1 0.0 +2.6 +0.70 woavily
staineg
M-10 tool steel 500 air 0.2 0.0 +2.0 +G.05 stained
M-10 tool steel 500 air 0.6 .0 +2.9 +).10 stained
1020 steel 500 air 0.2 2.0 +0.3 0.00 stained
1020 steel 500 | air| 0.0 0.0 +0.6 0.00 stained
1040 steel 500 air 6.5 0.0 +2.5 +).05 stained
1040 steel 500 air 0.3 0.0 +2.6 +0 99 stained
4140 steel 500 air 0.3 0.0 +5.1 +G.12 st iined
4140 steel 500 air 0.6 0.0 +2.1 +0.jv stained
Aluminum 2024 500 air 0.0 0.0 +.3 Q.o nc change
Aluminum 2024 500 air 0.0 0.0 +0.3 0.00 no change
Aluminum-bronze S00 air 0.3 0.0 +'.8 +0.09 <*ained
(MIL-B-6976) i
Aluminum-bronze 500 alr 0.3 0.V +3.6 +0.10 I stained
(MIL-B-6976)
Brass (SAE 704) 500 air 1.7 0.0 +3.9 + 35 | heavily
| stainod
Brass (SAE 704) 500 atlr 1.3 0.0 +2.0 +0.,S1 . heavily
! stained l
Copper 500 | air| .0 0.0 -0.3 .18 | heavily
stained
Copper 500 air 0.0 0.0 0.6 +J.16 heavil,
stained
Beryllium-copper 500 air 0.9 0.0 +2.1 +0.20 | stained
(QQC-533) 1 [ f
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TABLE IX (Con't)

Viscosity
(cs) Metal
Test Fluid [ Neut. N2 change We.
a. temp, loss, | increase, @ 100°F change, Metal
Metal °F Gas 4 mgKOH /g % mg/ cm? appearance
Beryliium-copper| 500 air 0.6 0.0 +2.8 +0.12 stained
(QQC--533)
Titanium alloy 500 air 0.0 0.0 +1.3 -0.03 stained
(6% A1-4%V)
Titanium alloy 500 air 0.0 0.0 +1.0 -0.02 stained
(67 AL -4%V)
Titanium alloy 500 air 0.9 0.0 +3.0 +0.09 stained
(4% Al-4% Mn)
Titanium zlloy 500 air 0.6 0.0 +2.0 +0.10 stained
(4% Al-4% Mn)
Inconel 600 500 air 0.2 ¢.0 +1.9 +0.01 staired
Tncorel 600 500 air 0.0 0.0 +1.9 0.00 stained
Graphatar 500 air 0.9 0.0 +2.1 -2,50 black
deposits
Grapbitar 500 air J.6 0.0 +2.5 -2.83 black
deposits
Teflon 500 alr 0.6 0.0 +2.9 +2.03 no visible
change
Teflon 500 air 0.6 0.0 .1.8 +2.71 no visible
change
Bvna N 500 air 0.3 0.0 +1.3 -7.44 very
hrittie
Buna N 500 air 0.6 0.0 +2.9 -7.49 very
brittle
l'eoprene 500 air 0.9 0.0 +2.2 -15.3 blackened
& very
brittle
Neoprene 500 air 0.6 0.0 +3.3 -15.7 blackened
& very
brittle
Viton A 500 air 0.2 0.0 -0.3 -9.29 no visible
change
Viton A 500 air 0.2 0.0 +1.3 -9.50 no visible
change
None 600 air 0.8 0.0 +0.3 - -
None 600 air 0.8 0.0 +1.0 - -
302 stain. steel] 600 air 1.0 0.0 +3.3 +0.24 corrosion
302 stain. steelf 60U air 0.8 0.0 +1.0 +0.23 corrosion
304 stain, csteel 600 air 1.0 0.0 0.6 +0.02 stained
304 stain. steel| 600 air 1.0 0.0 +0.3 +0.05 stained
347 stain. steel] 600 air 0.8 0.0 +1.6 +G.06 corrosion
347 stain. steel] 600 air 0.7 0.0 +1.9 +0..2 corrosion
416 stain. steell 609 air 2.3 0.0 -2.9 -1.81 heavy
corrosion
416 stain. steel| 600 air 2.3 0.0 -1.9 -1.94 heavy
corrosion
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TABLE IX (Cont'd)

| Viscosity
(cs) Metal
Test Fluid | Neut. N& change wt.
a. temp, loss, | 1increase, @ 100°F change, Metal
Metal °F Gas % mgKOH/2 % mg/cm appearance
440 stain. steel [ 600 air 0.7 0.0 -3.2 -4.75 heavy
corrosion
447 stain, steel | 600 air 3.0 0.0 -£,2 -4.70 heavy
corrosion
Carpenter 20 600 air 1.0 0.0 +0.6 +0.02 stained
Carpenter 20 600 air 1.0 0.0 -0.3 +0.04 stained
M-1 tool steel 600 air 2,2 0.0 -1.6 -4.04 heavy
corrosion
M-1 tool steel 600 air 2.2 0.0 -2.6 -3.81 heawy
corrosion
M-2 tool steel 600 air no 0.6 -1.3 +11.15 heavy
data corrosicn
M~2 tool steel 600 air no 0.0 -1.9 +11.93 heay
data corr.sien
M-10 tool steel 600 air 1.0 0.0 +0.6 +0.14 stai e¢
M-10 tool steel 600 air 1.0 0.0 +0.6 +0.23 stainsad
1020 steel 609 air 1.2 0.0 -0.3 +0.98 heav -
corrosion
i 1020 steel 600 air 1.0 0.0 +0.6 -1.64 heavy
corrosion
1040 steel 600 air no 0.0 -1.6 -7.32 heavy
data corrosion
7040 steel 600 aiv no 0.0 -1.9 +7.40 heavy
data corrosion
4140 steel 600 air 2.0 0.0 -2.2 -2.97 heavy
corrosion
4140 steel 600 air 1.9 0.0 -1.6 -3.30 heavy
corrosion
Aluminum 2024 600 air 1.0 0.0 0.0 +0.05 no visible
change
Aluminum 2024 600 air 1.0 0.0 +0.3 +0.06 no visible
change
Aluminum~bronze 600 air no 0.0 +1.3 +0.15 stained
(MIL-B-€976) data
Aluminum-bronze 600 air no 0.0 +0.6 +0.16 stained
{(MIL-B-6976) data
Brass {SAE 704) 600 air no 0.0 +0.6 +0.69 heavily
data stained
Brass (SAE 70A) 600 air no 0.0 +0.3 +0.97 heavily
data stained
Copper 660 air 0.8 0.0 +1.9 +0.19 black
deposits
Copper 600 air 0.7 0.0 +1.9 -0.22 black
deposits,
corrosion
deryllium-copper | 600 air 0.9 0.0 -0.3 -0.03 stained
(QQC-533)
1 J
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TABLE IX (Cont'd)
T Viscosity
(cs) Metal
Test Fluid 2ut. N2 change Wt.
a. temp, loss, | increase, | @ 100°F change, Metal
Metal °F Gas % mgKOH /g % mg/cm2 | appearance
Beryllium-copper] 60C air 0.8 0.0 +1.3 +0.04 stained
(QQC-533)
Titanium alloy 600 air 7.0 0.0 -25.9 +0.07 dull gray
(6% A1-47V)
Titanium alloy 600 air 9.2 0.0 -28.1 +0.09 dull gray
(6% A1-47%V)
Titanium alloy 600 air | 43.4 0.0 -84.9 ~5.88 corrosion
(4% Al -4% Mn)
Titanium alloy 600 air | 40.2 0.0 -85.6 ~-6.38 corrosion
(4% Al -4%Z Mn)
Inconel 600 600 air 1.0 0.0 +0.6 +0.03 stained
Inconel 600 600 air 0.8 0.0 +1.0 +0.02 stained
304 stain. oteel] 650 air 2.0 6.0 0.0 +1.57 heavy
corrosion
304 stain. steel] 650 air 2.0 0.0 -0.3 +2.90 heavy
corrosion
Carperter 20 650 air 1.5 0.0 +0.3 +0.07 stained
Carpentayx 20 650 air 1.5 0.0 +0.3 +0.08 stained
M~10 tocl steel 650 air 1.5 0.0 +1.9 +0.79 dull gray
M-12 toul steel 650 air 1.5 0.0 +1.3 +0.76 dull gray
Aluminam 2024 650 air 3.3 0.0 -5.4 +0.12 no visible
change
Aluminum 2024 650 air 2.0 0.0 -1.9 +0.10 no visible
change
Aluminum-bronze 650 air 1.7 0.0 0.0 -2.58 corrosion
(MIL-B-6976)
Aluminum-bronze 650 air 1.6 0.0 +0.6 +3.42 corrosion
{MIL-B-6976)
Beryliium-copper] 650 air 1.4 0.0 0.0 0.00 spotted
(GQC-533)
Beryllium-coppery 650 air 1.5 0.0 -0.6 -0.20 spotted
(QQC-533)
Inconel 600 650 air 1.3 0.0 -0.6 +0.04 stained
Inconel 600 650 air 1.2 0.0 -0.6 +0.04 stained
Carpenter 20 700 air 3.5 0.0 -0.6 +0.34 stained
Carpenter 20 700 air 3.8 0.0 -0.3 +0.44 stained
Aluminum 2024 700 air 7.1 1.0 -10.2 +0.22 grayed
Aluninum 2024 700 alr | 16.3 0.6 -38.7 +0.56 grayed
Beryllium-copper 700 air 4.0 0.0 -1.6 +1.80 black
(QQC-533) spotted
Beryllium-coppeq 700 air 4.2 0.0 -2.2 +0.60 black
(QQC-533) spotted
Inconel 600 700 air 3.5 0.6 ~-1.9 +0.10 stained
lnconel 600 700 air 3.6 0.6 -0.3 +0.18 stained
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TABLE IX (Cont'd)
Viscosity .
(cs) Metal
Test Fluid | Neut, N& change Wt.

a. temp, loss, | increase, @ 100°F change, Metal
| Metal °F Gas % mgKOH/g )3 mg/cm? | appearance
| M~2 tool steel 500 N 0.5 0.0 +0.6 +0.03 stained

M~2 tool steel 500 Ng 0.5 0.0 +0.6 +0.09 stained

lumicum 2024 500 N2 0.2 0.0 -1.0 -0.04 no visible
. change

Aluminum 2024 500 N2 0.2 0.0 -1.0 -0.04 no visible|

change

Prass (SAE 704) 500 N2 0.5 0.0 +1.6 +0.01 stained

drass (SAE 70A) 500 N2 0.5 0.0 +1.6 +0.01 stained

Copper 500 N2 0.0 0.0 -1.0 -0.03 stained
. "opper 500 NZ 0.0 0.0 -1.0 -0.08 stalned
! “raphitar 500 N2 0.5 0.0 0.0 -2.63 no visible

change

Craphitar 500 N2 0.2 0.0 -0.3 -1.60 no visible

change

“una N 500 N2 0.2 0.0 0.0 ~6.75 very

brittle

Buna N 500 N2 0.2 0.0 +0.3 -6.12 very

brittle

Neoprene 500 N2 0.2 0.0 -0.3 -9.04 swelled

& charred

Neoprene 500 N2 no no no -13.52 swelled

data data uata & charred

Viton A 500 N2 0.5 0.0 0.0 -10.65 no visibl

change

Viton A 500 N2 0.5 0.0 +1.6 -10.00 no visible

change

302 stain. steel}] 600 N2 no no no +0.07 heavily

data data data stained

302 stain. steel| 600 N2 0.5 0.0 -0.3 0.00 heavily

stained

347 stain. steel} 600 N2 0.2 0.0 +1.0 -0.28 corrosion

347 stain. steel} 600 N2 0.2 0.0 +0.3 -0.02 corrosion

416 stain. steel 600 N2 0.7 0.0 +1.9 -0.04 stained

416 stain. steell| 600 N2 0.7 0.0 +0.3 -0.05 stained

440 stain. steel 600 N2 0.5 0.0 -0.6 +0.14 stained

440 stain. steel| 600 N2 0.5 0.0 -0.6 +0.11 stained

M-1 tool steel 600 N, 0.5 0.0 +1.0 +0.31 stained

M-1 tool steel 600 hé 0.5 0.0 +1.0 +0.25 stained

M-2 tool steel 600 N2 0.5 0.0 +0.3 +0.37 stained

M-2 tool steel 600 N2 0.5 0.0 +0.3 +0.22 stained

1020 steel 600 N2 0.2 0.0 ~-0.6 +0.27 corrosion

1020 steel 600 N2 0.2 0.0 +0.6 +0.31 corrosion

1040 steel 600 N2 0.5 0.0 +0.3 +0.18 stained

1040 steel 600 N2 0.5 0.0 +0.6 +0.17 stained

4140 steel 600 Nz 0.5 0.0 ~-1.0 +0.26 stained

4140 steel 600 NZ 0.5 0.0 ~0.3 +0.48 stained
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TABLE IX (Cont'd)

Viscosity
(cs) Metal
Test Fluid | Neut. N$ change Wt.
) temp, loss, | increase, @ 100°F change, Metal
Metal °F Gas Z megKOH/g % @g]cmz appearance
Aluminum 2024 600 N2 0.5 0.0 0.0 0.09 stained
Aluminum 2024 600 N2 0.5 0.0 -1.0 0.00 stained
Brass (SAE 70A) | 600 N2 0.7 0.0 +1.3 +0.13 stained
Brass (SAE 70A) 600 N2 0.5 0.0 0.0 +0.12 stained
Copper 600 N2 0.2 0.0 +1.0 0.00 stained
Copper 600 N2 0.2 0.0 +0.6 +0.02 stained
Titanium
(6%A1-4%V) 600 N G.2 0.0 +0.6 +0.11 blackened
2
Titanium
(6ZA1-47%V) 600 N2 0.2 0.0 +1.2 +0.15 blackened
Titanium
(4% Al~47Mn) 600 N2 0.5 0.0 +1.6 +0.10 stained
Titanium
(4%A1-47Mn) 600 N, 0.5 0.0 +0.6 +0.11 stained
302 stain, steell 650 N2 0.9 0.0 0.0 +0.10 stained
302 stain, steelj 650 N2 0.7 0.0 -0.6 +0.11 stained
304 stain, steel] 650 N2 0.8 0.0 0.0 -0.03 corrosion
304 stain. steel]l 650 N2 1.0 0.0 0.0 -0.02 corrosion
416 stain, steell 650 N2 1.0 0.0 -0.3 -0.45 heavily
stained
416 stain. steell 650 N2 0.7 0.0 -1.3 +0.08 stained
440 stain. 650 N2 0.7 0.0 -0.3 +0.20 heavily
steelb stained
M-10 tool steel | 650 N2 0.9 0.0 0.0 +0.27 stained
M-10 touol steel | 650 N, G.7 0.0 -0.3 +0.29 stained
1040 steel 650 N2 1.0 0.0 +1.3 +0.77 corrosion
1040 steel 650 N 1.0 0.0 +0.3 +0. 36 corrosion
2
Aluminum-bronze
(MIL-8-6976) 650 N2 0.8 0.0 +0.3 +0.14 stained
Aluninum-bronze
(MIL-B-6976 650 N2 0.7 0.0 -1.0 +0.17 stained
Brass (SAE 704) 650 N2 1.0 0.0 +0.6 +0.25 corrosion
Brass (SAE 70A) 650 N2 1.0 0.0 +0.3 +0.16 corrasion
Copper 650 NZ 1.0 0.0 +0.3 -0.02 stained
Copper 650 N 1.0 0.0 -0.3 -0.02 stained
2
Titanium
(6ZA1-4%V) 650 N2 0.8 0.0 0.0 +0.23 corrosion
Titanium
(6TAY-42V) 650 N2 0.7 0.0 -0.3 +0.30 corrosion
302 stain., steell 700 N2 2.3 0.0 -1.3 +0.26 corrosion
302 stain. steell 700 N2 2.6 0.0 -1.6 +0.37 corrosion
Carpenter 20 7V0 N2 2.4 0.0 -1.6 +0.15 heavily
stained
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TABLE IX (Cont'd)

Viscosity
(cs) Metal
Test Fluid | Neut. N$ change Wt.
a. temp, loss, | increase, | @ 100°F change, | Metal
Metal °F Gas Z mgKOH/ g Z mg / cm? appearance
Carpenter 20 700 N2 2.3 0.0 -1.5 +0.13 heavily
stained
Aluminum 2024 | 700 N2 2.2 0.0 -1.9 +0.62 heavily
stained
Aluminum 2024 | 700 N2 3.4 0.0 ~1.6 +0.47 heavily
stained
Aluminum~bronze
(MIL-B-6976) | 700 N2 2.3 0.0 -1.9 +0.25 stained
Aluminum-bronze
(MIL-B-6976) 700 N2 2.4 0.0 -1.0 +0.12 stained
Copper 700 N2 2.3 0.0 -1.9 -0.01 stained
Copper 700 N 2.2 0.0 -1.6 0.00 stained
2
Beryllium-copper
(QQC-533) 700 N2 2.2 0.0 0.0 -0.01 stained
Beryllium-copper
(QQC-533) 700 No 2.3 0.0 -0.6 -0.04 stained
Micro Test Conditions: 20 ml sample, one-liter per hour gas flow rate, 72 hour

duration, one metal specimen,

12-inch bulb-type reflux condenser used.

a. Duplicate tests were made except where indicated

b. Single test only
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TABLE X

Effect of Temperature on PR-143% - Metal Systems

Weight Change (mg./cm.Z2/day)
500°F 550°F 600°F 650°F 700°F
ickel Alloys
Ni -0.04 0.00 0.00 -0.05
Inconel -0.06 0.00 0.00 0.00 0.00
Inconel X 0.00 0.00 +0.02 0.00
Hastelloy C -0.08b
Hastelloy X 0.00 +0.03 +0.01 +0.03
Monel -0.13b
René 41 0.00 -0.04 -0.01 0.00
Cobalt Alloys
Stellite 25 0.00 +0.01 +0.02
1-605 -6.05 0.00
Steels
1020 -3.25b
QQ S 636 -0.24 +0.25 +1.26 +1.46 +2.00
Alloy Steels
SAE 4340 +0.20 +1.55 +2.25 +8.4
52100 +0.14 +1.62 -13.3 |-31.0
Stainless Steels
Stellite N-155 -0.03 +0.03 +0.01 0.00
301 -0.12 0.00 +0.08 +0,01 +1.01
304 -0.01 +0.03 +0.04 +0.94
316 0.00 +0.04 +0.04 +0.53
321 -0.03 +0.01 +0.03 +6.6
405 0.00 +0.23 -0.89 -7.0
410 0.00 +0.06 -3.08 -9.7
440C +0.04 -0.20 -3.46 |-10.9
446 0.00 +0.03 -0.06 -1.68
Nonferrous Metals
Mg -0.04 -0.06 +0.05 +0.06
Al +0.02 +93.07 +0.18 +0.61
Ag +0.02 -0.13 -0.14 -0.28 -0.58
Ti 0.0 -0.18 -0.73 ~1.08 -0.73
Cu -0.20 -0.77 -0.42 -0.71
Bearing Bronze (85:5:5:5) +0.172 +0.29 +0.137 +0.88

Micro Oxidation-Corrosion Test Conditions: 20 ml sample in Inconel test tube,
20-1iter per hour air flow rate, test durations of 24 and 48 hours, no reflux
condenser used. Metal specimens were rinsed with Freon 113 and wiped lightly

after test except where noted.

a. The tests were performed on PR-143, Lot I.
b. Metal specimens were rinsed in Freon 113, wiped, then rubbed with scouring

powder moistened with water. The cleaning mixture was rinsed away with water.
The specimen was dried by dipping in acetone,
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TABLE XI

Effect of Gas Composition on PR-143% - Metal Systems

ht Change (mg,lcm.zlday)

Wei
B 600°F 650°F° 700°F
' No Purge
Material Dry Air| Dry Argon| Dry Air| Dry Argon| Dry Air Gas

Inconel -0.16 -0.15

QQ S 636 Steel +1.30 +0.01 +2.0 +0.60
1020 Steel -3.25 -0.07 +0.58
301 Stainless +0.08 +0.10

304 Stainless -1.10 -0.21

316 Stainless +0.55 -0.17

446 Stainless -0.40 -0.05

Ti -1.10 +0.13 -0.73 -0.26
Al +0.61 +0.42
Ag -0.58 +0.02
Mg +0.06 +0.04
Cu -0.71 +0.08

Micro Oxidation-Corrosion Test Conditions: 20 ml sample in Incone! test tube,
20-1liter per hour gas flow rate, test durations of 24 and 48 hours, no reflux
condenser used. Metal specimens were rinsed with Freon 113 and wiped lightly

after test except where noted.

a. The tests were performed on PR-143, Lot I.

b. Metal specimens were given scouring powder treatment. See footnote b,

Table 10.
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TABLE XII

a
Effect of Moisture on YR-143 - Metal Systems

Weight Change (m ./cm.zldgy)
650°F 700°F
Dry Air Humid AirP | Humid Airt
Nonferrous Metals
Mg +0.05 +1.05
Al +0.18 -0.03
Ag -0.28 -0.07
Ti -1.08 +0.46 d
Cr -0.05% 4
Mo -6.56
Cu -0.42 +18
Bearing Bronze
(85:5:5:5) +0.37 +0.48

Micro Oxidation - Corrosion Test Conditions: 20 ml sample in Inconel test
tube (except where noted), 20-liter per hour air flow rate, test durations
of 24 and 48 hours; no reflux condenser used. Metal specimens were rinsed
in Freon 113 and wiped lightly after test except where noted.

The tests were performed on PR-143,Lot

I.

Air was humidified by passage through water bubblers at 77°F.

Glass test tube used.

Metal specimens were given scouring powder treatment., See footnote b,

Table 10.
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TABLE XIII

Effect of Air Flow Rate on PR-143% - Metal Systems

Weight Change (mg./cmzlday)
at 650°F.

Material 2 1./hr. 5 1./hr. 20 1./hr.
Hastelloy X 0.00 +0.02 +0.02
QQ S 636 Steel +1.40 +2.30 +1.50
SAE 4340 Steel -0.17° +1.80 +4.30
301 Stainless Steel +0.60 +0.70 +0.01
405 Stainless Steel -2.60 -3.00 -1.70
410 Stainless Steel -4.40 -5.00 -3.10
440C Stainless Steel -5.90 ~7.00 -3.50
446 Stainless Steel -0.63 -0.71 -0.06
Ti -1.05 ~1.15 -1.30
Cu -0.49 ~-0.44 -0.42
Ag -0.40 -0.19 -0.23
Bearing Bronze (85:5:5:5) +0.38 +0.48 +0.38

Micro Oxidation-Corrosion Test Conditions: 20 ml sample in Inconel test
tube, test durations of 24 and 48 hours, no reflux condenser used.
Metal specimens were rinsed in Freon 113 and wiped lightly after the
test.

a. The tests were performed on PR-143, Lot I.

b. Error suspected.
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TABLE XIV

Effect of Test Tube Composition on PR-143% - Metal Systems

Weight Change (mg./cm.Z2/day)
at 700 °F
Material Glass Test Tube’ Inconel Test Tube

Inconel +0.12 +0.08
QQ S 636 Steel +2.62 +3.62
391 Stainless Steel +3.96 +7.51
Ti -2.37 -2.66
Al +0.44 +0.70
Ag -0.42 ~0.78
Ni +0.02 +0.04
Mg +0.20 +0.24
Cu -0.68 -0.78

Micro Oxidation-Corrosion Test Conditions: 20 ml sample, test
durations of 24 and 48 hours, 1l6-inch pyrex condenser used in
all tests., Metal specimens were rinsed in Freon 113 and wiped
lightly after the test.

a. The tests were performed on PR-143, Lot I.
b. After each test the glass tube was heavily coated with a

white deposit. Analysis of the deposit: ¥.50.0%; Na, 12.0%;
Al, 9.5%; Ssi, 1.1Z; =, 1.2Z.

8
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TABLE XV

Effect of Specimen Cleaning on Weight Change of Metals in PR-1432

[ o Wt. Change (mg./cm.Z/day) at 650°F
b Scouring Powder
Light Cleaning Cleaning® D (mg.)
Nickel Alloys
Ni 0.J0 -0.10 0.""
Inconel +0.02 -0.12 0.14
Inconel X +0.04 -0 09 0.13
Hastelloy X +0.03 -0.16 0.19
René 41 0.00 -0.12 0.1?
Cobalt Alloy
Stellite 25 +0.01 -0.14 G.1°
Steel
QQ S 636 +1.11 +0.95 0.16
Alloy Steels
4340 +4.23 +3.93 0.30
52100 -13.3 -14.3 1.0
Stainless Steels
Stellite N-15°% 0.00 -0.12 0.12
301 +0.05 -0.18 0.23
304 +0.06 ~-0.05 0.11
316 +0.04 -0.10 .14
321 +0,03 -0.13 0.16
405 ~0.07 9 -1.009 1.02
410 -2..1 ~2.54 0.53
440C -2.43 -3.021 0.58
446 +0.03 ~0.23 0.26
Nonferrous Metals
Mg +0.06 -0.03 0.09
Al +0.13 -0.07 0.20
Ag -0.21 ~-3.58 0.37
Ti -0.56 -1.00 0.44
Cu -0.39 ! -),80 0.41
Bearing Bronze (85:5:5:3) | +0.36 | __-0.18 0.56__J

Micro Oxidation-Covrosion Test Conditions: 20 ml waaple in inconel test tube,
20-1iter per hour air flow rate, test durations of 24 and 48 nours, no reflux

condenser used.

a. The tests were performed on PR-143, Lot I.

b. The specimens were rinsed with Freon 113 and then wiped with glass wool.

c. The specimens were given scouring powder treatment as described in focotnote b,

Table 10.

d. Error suspected,
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TABLE XVI

Four-Ball Wear Characteristics of PR-143 Fluids at 167°F and 400°F

e

Shell Four-Ball Wear Test Conditions,
Average Wear Scar Diameter, mm PR-143P PR-143, Lot I1 SP-4E
600 RPM, 167°F, 2 hours, 52100 balls @
1 kg load - 0.153 0.717
4 kg load - 0.286 -
10 kg load - 0.453 1.188
40 kg lcad - 0.643 2.079
600 RPM, 400°F, 2 hours, 52100 balls @
1 kg load - 0.168 0.420
4 kg load - 0.208 -
10 kg load 0.307 0.304 0.992
40 kg ioad 1.011 0.752 1.166
600 RPM, 400°F, 2 hecurs, M-10 balls @
1 kg load - 0.176 0.597
4 kg load - 0.184 -
10 kg load 0.256 0.230 1.552
40 kg load 0.543 G.630 2,037
1200 RPM, 167°F, 2 hours, 52100 balls @
1 kg load - 0.308 0.273
4 kg load - 0.286 -
10 kg lozd 0.249 0.452 1.578
40 kg ioad 0.759 0.782 2.282
1207 RPM, 167°F, 2 hours, M-10 balls @
10 kg load 0.251 - 2.362
40 kg load 0.459 0.537 3.592
1200 RPM, 400°F, 2 hours, A balls @
1 kg load : - 0.197 0.462
4 kg load . - 0.225 -
10 kg load - 0.520 1.046
40 kg load 1.0212 1.050 1.603
1200 RPM, 400°F, 2 hours, M-10 balis @
1 kg load - 0.2156 0 742
4 kg load - 0.222 -
10 kg load - 0.344 1.896
40 kg load - 0.719 3.732

a. Reclaimed PR-143M
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TABLE XVII

Four-Ball Wear Characteristics of PR-143W
Under Controlled Atmosphere

Test Bearing metal, Avg. wear scar diam., mm

temp., °F steel type Atmosphere a 1 Kg 10 Kg | 40 Kg
167 52-100 air 0.19 0.28 [0.63
400 52-100 0.7 liter air/hr - 0.34 ]1.43
400 52-100 0.5 liter NZ/hr - 0.73 | 1.54
400 M-10 0.7 liter air/hr - 0.31 }0.63
400 440C stainless | 0.7 liter air/hr - 0.38 lo.71
500 M-10 0.7 liter air/hr - 0.45 | --
600 M-10 0.7 liter air/hr - 0.51 {--
700 M-10 0.7 liter air/hr - 0.52 |0.70
700 M-10 0.5 liter Nz/hr - 0.54 |[0.76
700 440C stainless | 0.7 liter air/hr - 0.64 {1.32

Four-ball Test Conditions: One hcur, 620 RPM; temperature and bearing material as
indicated.

a. At test temperatures above 167°F, atmosphere was controlled by introducing air
or nitrogen at the rates indicated over the surface of the fluid.
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TABLE XVIII

Four-Ball Wear Characteristics of
PR-143, Lot V at 400°F and 600°F

Shell Four-Ball Wear Test Conditionms, 52-100 bearing | M-10 bearing
average wear scar diameter, mm material material
620 RPM, 2 hours,@ 10 kg load 0.302" 0.232"
20 kg load 0.57 0.50
30 kg load 0.63 0.60
40 kg load 0.76 0.50
620 RPM, 2 hours,@ 10 kg load 0.66 0.53
20 kg load 0.95 0.82
30 kg load 1.02 0.88
40 kg load 1.08 0.82
1,280 RPN, 2 hours,@ 10 kg load 0.52° 0.34°
20 kg load 0.49 0.55
30 kg load 0.83 0.74
40 kg ioad 0.98 0.95
1,280 RPM, 2 hours,@ 10 kg load 0.68 0.62
20 kg load 0.90 0.99
30 kg load 1.06 *.09
40 kg load 1.15 1.24

a. The test was performed on PR-143, Lot II at 600 RPM

b. The test was performe¢ on PR-143, Lot II at 1200 RPM
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TABLE XIX

Rolling Contact Fatigue Evaluation of PR-143, Lot III

Stress cycles to failure
Test
N2 room temp. 425°F 500°F 600°F
1 7,495,000 21,075,200 | 12,631,400 11,095,000
2 17,373,000 11,778,600
3 116,934,000 14,445,600
4 119,339,400 11,289,000
5 11,518,800 15,459,600
6 1,797,000 7,189,800
7 7,917,000 8,167,400
8 10,855,200 18,943,200
9 2,100,800 13,306,000
10 9,542,000 11,483,200
Life stress cycle
Temperature B-10 B-50
room temp 3.3 x 10 10.1 x 109
425°F 7.2 x 10° 13.5 x 10°
TABLE XX
Cage Compatibility Evaluation of PR-143, Lot III
_ Average wear scar { 0il after test
Cage Lub Temp., | Time, [Major |Minor [Area N2 flow Visc. [Neut [Solids,
Material flow, | °F Lrs. axis |axis (mmz) SCFH [change N2 g/100
cc/min, (mm) | (mm) @100°F, 1
%
0.5 2.1 0.8 1.4
M-1 2.5 700 2.0 31.1 {<0.1f 12
(Rc60) 1.5 2.8 1.0 2.1
0.5 4.8 1.8 5.8
S-Monel 3.5 700 yd 2.0 30.2 [<0.1] 17
(Rc33) 1.5 6.2 2.4 11.§ _

Test Conditions: 1200 KPM, 1000 1b load
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TABLE XXI

Bearing Stabilization Evaluation of PR-143P

| Bearing gtagbilization temperature,®F |

Fluid in Minutes to
temp, °F Stabilization NS 1 NS 2 N 3

300 90 474 465 484

400 10 484 481 496

500 40 488 492 500

600 30 513 524 525

300 80 474 465 482

700 30 536 552 550

Total run time under load - 11 hours and 20 minutes

PR-143P Viscosities

Fluid in Viscosity &
temp., °F 100°F, cs
new 217

300 243

600 247

700 251
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TABLE XXII

Bearing Stabilization Evaluation of 5P-4E

Bearing stabilization temperature, °F
Fluid in Minutes to
temp, °F stabilization N2 1 NE 2 N 3
300 70 436 424 440
400 10 452 446 459
500 10 470 468 481
600 10 490 495 504
l 700 20 516 530 532

Total run time under load - 9 hours and 28 minutes

SP-4E Viscosities and Neutralization Numbers

Fluid in Viscosity @ Neut N%,
temp., °F 100°F, cs mg KOH/
new 364 0.0
300 362 0.0
400 363 0.0
500 364 0.0
600 364 0.0
700 367 0.0
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TABLE XXIII

Full-Scale Bearing Rig Evaluation of
PR-143, Lot I (Test 1)

Demerit Rating

Item Rating Factor Demerits
End Cover 27 1 27
Spacer & Nut 56.5 2 113
Heater Mount (F) 99.5 3 298.5
Heater Mount (R) 94.5 3 283.5
Seal Plate 9 1 9
Test Bearing 550 5 2750
3481

Overall Rating: 3481/6 = 580.2
Not included in official rating: Sump - 100% L flaked carbon

0il consumption rate: 148 ml/hr
Total accumulated filter wt.:! Pressure 18g, Scavenge 1l.6g

Test 0il Performance

I A A s WA

Test Vis, cs Z Vis Increase Vis, cs
Time, hr at 210°F at 210°F at 100°F
0 25.69 - 286.9
4 27.56 7.2 322.6
8 28.34 10.3 328.6
11.6% 29.16 13.5 343.5

Rig No. 2 with 5 metal specimens in test oil sump

Sump temp, °F 650
0il in temp, °F 632
Bearing temp, °F 700
Air flow to bearing maching, cfm 0.35
Air Flow to test oil sump, cfm 0

*Deposit formation necessitated test termination
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TABLE XXIV

Full-Scale Bearing Rig Evaluation of
PR-143, Lot I (Test 2)

Demerit Rating

Item Rating Factor Demerits

End Cover 18 1 18
Spacer & Nut 85.5 2 in
Heater Mount (F) 57 3 171
Heater Mount (R) 12 3 36
Seal Plate 48 1 48
Test Bearing 45.4 5 227

671

Overall Rating: 671/6 = 111.8
Not included in official rating: Sump - 100% L sludge

0il consumption rate: 15 ml/hr
Total accumulated filter wt.:Pressure 2.6g, Scavenge 1.5g

Test 0il Performance

Test Vis, cs % Vis Increase Vis, cs

Time, hr at 210°F at 210°F at 100°F
0 25.69 - 286.9

4 26.01 2.6 296.0

8 26.47 2.9 303.8
12 26.71 3.8 306.6
16 26.82 4,2 308.2
20 26.67 3.7 308.3
24 26.78 4.1 310.6
28 26.94 4.9 312.6
32 27.01 5.1 312.4
36 27.14 5.6 311.3
40 27.18 5.8 313.4
44 27.14 5.6 314.2
48 27.31 6.2 313.9

Rig No. 2, with 5 metal specimens in test oil sump

Sump temp, °F 500

0i1 in temp, °F 489

Bearing temp, °F 588*
Air flow to bearing machine, cfm 0.35
Air flow to test oil sump, cfm 0

*Test bearing held at this temperature average without application of
external heat

47




- -— - - - S65 - - 4,000 ° 0L "W § ‘Wl 000'0L ‘Swinen o ‘epurde sdey
-— - - - - oorl - - 4,000 0L "8 € ‘WU 000°0L “Suiseey vy Torpurds ey
- - h - - - ¢4 - 4,009 4 91 5 'MW 000°0C ‘Surineq poz Toypuids sdey
- —_ —_ - - == 09 - 4,000 9 41 § ‘MY 00X “Su1:0eq pz vipusds sdey
- b 002 - - "z " - 4,009 # 1 05°ST ‘WU 00D 0L ‘B91me X Corpurds sdey
t —_ — - - (4} (141 on 1,007 0
13 - - - o 00t - ore 4,005 ¢
[ 43 - 00L - SE9L + 000 - oot 4,005 9
5.4 - - - - - - - d 057 @
un - - L4 e - - - 4,000 § 91 S ‘WU 000 01 Surieeg poz ‘s(purds sdey
o ¢ [ oL+ - - oL+ - - Q-4 ‘oMea preqreny ‘Lijjiq sadwe] X0
- - | — - - (X 4 9t - 4,009 ¢
- - [ 4 - - T - - 4,055 0 & ‘o pssedeg
_ — - - - - ” - 44009 ¢
— _ - — - ri - - 4,057 9
— —_ —_ - - 90 - - 4,000 @ 9991 WA K VN TL ‘weiasedeny
- sty o0st - - 1.3 s - 4, ‘vered bubberq
¢ ne 44 99t sie "t 113 24 el papey
£o¢ [ 4 60€ (41 06z 17+ £9t o v o useed peyeaen
<3 dad
Nu [vpewds gy 4] ‘0TI weyieL %0°0C owjpowary %0 c7| NE (93150485 0L | ‘0L SOHOL %O OC| owjjowmry 5o p7 | ov))smwy X0 ¢ | Svijsmwy g¢ (7 we|ivajoag

VVEPL-Ud B0'CE | 191CYI N %0°0L || 9 ErL-Ud %0 LZ | 1 #TEVL-Ud %0°06 NEYL-¥d %0°0L|NEYL-Nd %0 9L [dEVI UL %018 | dEVL-UL %2 8L

SISYIUD ASYQ £r(-¥d 40 S31LYI40Ud TIYHINID

AXX 378VYL

:
:

48




AFML~TR=-65-358

TABLE XXVI

General Properties of PR-240 Grease

Base 0il PR-145AC
Viscosity, cs. @ 100°F. 285
Vigcosity, cs. @ 210°F. 25.5
Pour point, °F =20
Thickener "Vydax 1000 Fluorocarbon
Telomer Dispersion
Thickener, weight 2 14.2
Color - Whice
Texture Buttery
ASTM Penetration, mm./10 @ 77°F.
Unworked 266
Worked 60 strokes 275
NLGI Grade 2
Mechanical Stability
ASTM Pen, after 100,000 strokes 311
ASTM Pen, after 6-hr. Shell Roll Test 315

Evaporation, FTMs? 791-351, Wt. % loss

22 Hours @ 400°F. 1.6

22 Hours @ 300°F, 4.1
Water Resistance, FTMS 791-3252, 2 loss @ 100°F. 1.6
Load Carrying Cap., FIMS 791-6503

Mean Hertz Load, kilograms > 60
High Temperature Bearing Performance, FTMS 791-333

Hours to failure @ 500°F. > 2000

Hours to failure @ 550°F. > 500
Dielectric Breakdown Voltage, ASTM D-877, kilovolts 43.6
Oxidation Stability, ASTM D-942, psig.oxygen

pressure drop in 600 hrs. @ 210°F. 0
Copper Corrosion, FTMS 791-5309 Pass
Shock Sensitivity, USAF Spec. Bulletin 527

Liquid oxygen impact test Pass

Nitrogen tetroxide impact test Pass

B g, B i kg e

a. Federal Test Method 3tandard Number 791

49




UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of abstrect snd indexing annotation muet be entered when the oversl] report ia glassilied)

Y. ORIGINATIN G ACTIVITY (Corporete suthar) Le. REPORT SECURITY C LAGSIFICA TION
UNCLASSIFIED
APML (MANL) 28 smoup
N/A

S

3. REPORTY TITLE

CHEMICAL, PHYSICAL AND ENGINEERING PERFORMANCE CHARACTERISTICS OF A NEW FAMILY
OF PERFLUORINATED FLUIDS

4. DESCRIPYTIVE NOTES (Type of report and inclueive detes)

Progress 1 November 1962 to 31 July 1955
5. AUTHONS) (Last name, Hret name, initial)
Dolle, Roland E, Schwenker, Herbert
Harsacky, Frank J. Adamczak, Rober: L,
§. REPORT DATE 78 FOTAL NO. OF PAGES 75 NO. OF REFS
September 1965 49 21
84 CONTRACY OR GRANT NO. N/A 92 ORIGINATOR'S REPORT NUMBENS)
b PROJECTNO. 7343 AFML-TR-65-258
c Task No. 734303 b a{:«::‘”rouv NO(S) (Any ether mumbere hat mey bo sssigned
d. N/A

10 AVAILABILITY/LIMITATION NOTICES  pach transmittal of this document outside the agencies

of the U.S. Govermment must have prior approval of the Fluid and Lubricant Materiald
Branch (MANL), Nommetallic Materials Division, Air Force Materials Laboratory,
Wright-Patterson AFB, Ohio 4543

11. SUPPL EMENTARY NOTES 12. SPOMSORING MILITARY ACTIVITY

Air Force Materials Laboratory
Research and Technology Division
Air Force Systems Command

13. ABSTRACT

A new class of high temperature fluids, designated by Du Pont code PR~143, has
en extensively investigated to determine its potential in the area of advanced
ubrication and energy transfer, The PR~143 fluids have exhibited excellent high
emperature oxidative stability, a broad fluid range, good lubricity, and a high
egree of fire-resistance; thereby, making them promising candidates for aerospace
ystems of the future., In the design of future systems some shortcomings of these
rfluorinated polymeric materials must be considered; namely, corrosion of certain
tal alloys at high t-mperatures and their relatively high density. (U)

DD ."*. 1473 UNCLASSIFIED

Security Classification




UNCLASSTFIED
Security Classification

14.
KEY WORDS

LINK A LINK ® LINK C

ROL & LA noLE LAd nROL & LAJ

High Temperature Fluids, Lubricants and Greases

Chemical Physical and Engineering Performance

Properties of PR=143 Base Fluids
PR-143 Compatibility with Metels
PR-143 Base Greases

Polymeric Perfluorinated Fluids

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report,

2a. REPORT SECIURITY CLASSIFICATION: Enter the over
all security ciasrafication of the report. Indicate whether
‘“‘Restricted Data’’ is included Marking is to be in sccord
ance with sopropriate security regulations.

2b. GRO .1 Autcmstic downgrading is specified in DoD Di-
roctive 5200. 10 and Armed Forces Industris! Manual. Enter
~ber. Als_. #hen applicable, show that optional
markings ha +nused for Group 3 and Group 4 us author-

3. REPORT TITLE: Enter the complete report title in all
capital letters. Title. ‘n o'f cas s should be unclassified
If & meaningtul title cannot be selected without classifice-
tion, show tit'e classification in all capitals in parenthesis
immedistely following the titie

4. DESCRIPTIVE NOTES U sppropriste, enter the type of
report, o.¢, ioterim, progress, summary, aanual, or final,
G.ve the inclusive dates when & specific reporting period is
covered.

S. AUTHOR(SY Enter the name(s) of suthor(s) ss shown on
or in the report. Emtes last name, {irst :.ame, middle initial.
If xilitary, show rank end branch of service. The rame of
the principal «uthor is an absolute minimum requirement.

6. REPORT DATZ: Eanater the date of the report as day,
month, year, or month, year. If more than one date appears
on the report, use dsie of publicetion.

7a. TOTAL NUMBER OF PAGES: The total page count
shouid follow normal pagination procedures, Lo, enter the
number of pages containing information

76. NUMHBER OF REFERENCES Enter the totsl number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If sppropriate, entar
the applicadle mumber of the contract or grent under which
the report was written

8, &, & 8d. PROJECT NUMBER Enter the sppropriste
military department ideatifiostion, such se project sumber,
sutproject number, ‘s{tm pumbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the < (fi-
cial report number by which the document will be ident: ied
and controlled by the originsting ectivily. This sumber must
be unique to this report.

9. OTHER REPORT NUMBER(S): [f the report has been
ssuigned any other report numbers (either by (Me orig:nator
cr by the sponeor), also enier this number(s).

10 AVAILABILITY/LIMITATION NOTICES Eater any lim-

itatioas on [wiher dizsseminotlion of the report, other than those

imposed by security classification, using stendard statements
such v
(1) “"Qualified . “questers may obtain coples of this
report from DDC.’’'

(2) “Foreign announcement and dissemidation of this
report by DDC is not suthorized.”’

(3) *“U. S. Government sgencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

(4) *U. S. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall requast through

(5) ‘Al distribution of this report is controlled Qual-
ified DDC users shall request through

If the report has been furnished tc the Office of Technical
Services, Department oi Commerce, for sale to the public, indi-
cate this fact and enter the price. if known.
1L SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoricg (pey~
ing for) the resesnch and development Include address.

13. ABSTRACT: Enter an cbstract giving a briefl and factual

summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-

port. If additional space is required, s coantinustion sheet shall’

be attached.

It is high'y desirable that the abrtract of classified reports

be unclassified. Each paragraph of the “hetract shal! end with
an indication of the military security classification ¢t the in-
{ormation i the parsgraph, represeated a8 (T3). (S). (C), or (U)

There is no limitation <n the length of the sbatract. How-
ever. the suggested length is from 150 t2 225 words.

14. KEY WORDS: Key words are technically mesningful terms
or short phrases the: characterize ¢ report and may be used ss
index entries for cataloging the repo *. Key words must be

selected 30 that no security classification is required. ldenti-

(iers, such a8 equipmc st model designation, trade name, military

project code name, geographic location, may be used s key
words but wiil be followed by an indication of techaical coa-
text. The sssignment of links. rules, sad woigh!s iu optional

o0 386-33¢

ND P46

UNCLASSIFIED

Security Classification

¥
i
k.
-




